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convertors (WECs). Such devices are used to convert
energy contained in the wave motion of water into useful
electrical energy. According to the present invention, a
WEC is provided that comprises:

- a buoy;

- a stabilization body for providing a stabilized anchoring
platform for said buoy;

- a cable connecting said buoy to said stabilization body,

said cable connected to a cable winch to allow for a var-
ying length of cable in between said buoy and said sta-
bilization body;

- energy generating means to generate energy compris-
ing a damping element to exert a damping force on said
cable;

wherein said energy generation is based on work done
to overcome said damping force.
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Description

[0001] The presentinvention is related to wave energy
convertors (WECs). Such devices are used to convert
energy contained in the wave motion of water into useful
electrical energy.

[0002] Most WECSs are based on the principle of rela-
tive movement between two bodies which is caused by
impinging waves. At least one of the two bodies is in or
on the water. The impinging waves exert a force on the
two bodies causing a change in their mutual position.
This force drives a generator, e.g. an electrical generator,
which converts the energy delivered by the waves into
useful energy. The conversion process can be represent-
ed by a damping force. Work done to overcome this
damping force corresponds to the useful energy that can
be obtained. The impinging waves may exert more force
onthe two-body system than what is needed to overcome
the damping force. This will result in the buildup of kinetic
or potential energy, not excluding other forms of energy,
butitwill not resultin the generation of more useful energy
as this is related to the damping force only.

[0003] The amount of energy that is delivered by the
impinging wave to the two-body system is related to the
work done to overcome the damping force, i.e. itis related
to the damping force itself and a corresponding displace-
ment.

[0004] A problem with known devices is related to sur-
vivability. To cope with the huge forces exerted by the
waves, a rigid arrangement of the two-body system is
used in which movement of one body relative to the other
body is limited to one or two dimensions only. This limits
the efficiency of the system as not all of the available
wave power can be converted.

[0005] Itis therefore an object of the present invention
to provide a WEC that demonstrates a higher conversion
efficiency than known devices, but which still maintains
a high degree of survivability.

[0006] According to the present invention, the WEC
comprises a buoy connected by a cable to a stabilization
body. The stabilization body provides a stabilized anchor-
ing platform for the buoy. The purpose of the buoy is to
follow the wave motion whereas the stabilized platform
should not be as sensitive to this motion. The platform
could for instance be a fixed arrangement placed above
the water, or it can be connected to the seabed.

[0007] Itshould be noted that the term cable within the
context of the present invention should not be limited to
steel cable only. It could for instance also relate to the
use of synthetic-rope, anchor chain, leave chain or
sprocket chain.

[0008] The WEC comprises energy generating means
to generate energy, e.g. electrical energy, based on a
damping force, exerted by a damping element on the
cable.

[0009] The cableis connectedtoacable winchtoallow
for a varying length of cable in between the buoy and the
stabilization body. The damping element is connected to
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the cable such that a change in length of the cable, e.g.
anincrease, is resisted to by means of the damping force.
The energy delivered to the system, and hence the en-
ergy generated by the energy generating means, is
based on the work done to overcome damping force.
[0010] The use of a cable enables the construction of
a WEC that combines high mechanical strength with a
high amount of movement flexibility. This results in a sig-
nificant improvement in the survivability of the WEC in
extreme conditions such as storms, when the WEC has
to deal with very large waves.

[0011] Preferably, the WEC has a first mode of oper-
ation, corresponding to an increasing wave height, and
a second mode of operation, corresponding to a decreas-
ing wave height. It is advantageous if the energy gener-
ating means generate a significant amount of energy in
but one of the first and second modes of operation and
if the energy generating means are disengaged from the
cable in the other of the first and second modes of oper-
ation.

[0012] Preferably, the WEC limits movements relative
to the water, in order to minimize losses in efficiency due
to water resistance. This can be achieved by using the
increasing wave height condition as the mode of opera-
tion in which energy is extracted from the waves. Using
the decreasing wave height condition, would require a
large counterweight that inevitably must make significant
up and down movements relative through the water with
large losses due to water resistance as a result.

[0013] Additionally or alternatively, the work done to
overcome the damping force relates to the damping force
multiplied by a corresponding increased length of cable
in between the buoy and the stabilization body. In this
case, the buoy moves away from the stabilization body.
The damping force exerted by the damping element dur-
ing this motion, along with the displacement of the cable,
determines the energy delivered to the WEC.

[0014] An important design parameter of the system
is the buoyancy and the weight of the buoy because these
factors determine the maximum amount of damping
force. If too high adamping force is applied, the impinging
wave will not exert enough force to cause a significant
change in cable length in between the buoy and the sta-
bilization body. Because there is no displacement of the
cable associated with the applied damping force, the
power delivered to the system is zero. Alternatively, if the
dampingforce is too low, there will be a significant change
in cable length, but the net power will be low as well. To
obtain a good efficiency, the damping force should be
carefully chosen to match the buoyancy and weight of
the buoy as well as the wave behavior.

[0015] The buoy and stabilization body can be dis-
posed in a vertical arrangement. The stabilization body
could be a fixed arrangement above the water surface,
e.g. a tower secured to the seabed extending above the
water surface. Preferably, the stabilization body is under
water, underneath the buoy. It can be secured to the sea-
bed or it can comprise a large floating body moored to
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the seabed. Inthe latter case, the floating body preferably
has a slightly negative buoyancy.

[0016] Preferably, the WEC comprises at least three
cables, arranged such that any movement of said buoy
relative to said stabilization body results in a varying
length in between the buoy and the stabilization body of
at least one of said at least three cables. In this way,
energy can be extracted from the wave motionregardless
of its direction. An example of such a configuration is one
in which both buoy and stabilization body are of rectan-
gular shape and in which the corresponding corners of
both bodies are connected by cable. In this configuration,
any movement of the buoy will result in a change in cable
length in between the buoy and the stabilization body of
at least one cable.

[0017] Because wave heights can exceed 10 meters
or more, it is convenient if the WEC comprises a pulley
system for the cable. Such a system is connected to the
damping element to provide a mechanical advantage
larger than one. For instance, if the mechanical advan-
tage of the system is 2, a wave height of 10 meters would
result in a distance of 5 meters over which the damping
force has to be overcome.

[0018] As mentioned above, the efficiency of the WEC
is largely determined by the balance between buoyancy,
weight, damping force and wave behavior. Because the
latter is irregular, it is convenient if the damping force can
be varied accordingly.

[0019] The energy generating means preferably com-
prise an energy transformer to transform mechanical en-
ergy delivered to the damping element into hydraulic en-
ergy. The hydraulic energy could be stored in a high pres-
sure accumulator. A hydraulic motor connected to an
electrical generator, preferably fed by the high pressure
accumulator, can then be used to convert the hydraulic
energy into electrical energy.

[0020] The use of hydraulic energy as an intermediate
energy form, instead of direct conversion of wave energy
into electrical energy, is advantageous because of the
ability of hydraulics to deal with large sudden energy
surges, the ability to store large amounts of energy in
accumulators, and the ability to protect the system
against mechanical overload by pressure relieve valves.
Furthermore, hydraulic systems are flexible, easily engi-
neered and components are standardized and readily
available at relatively low costs.

[0021] Ingeneral, the wave motion will resultin a linear
motion of the cable. The energy transformer could com-
prise movement translator means to translate this linear
movement of the cable into rotational movement. In an
embodiment, the cable winch performs this movement
translation.

[0022] In a preferred embodiment, the energy trans-
former means comprise a hydraulic pump which has its
rotational shaft connected to the winch. A rotational
movement of the winch, e.g. during unwinding of the ca-
ble, will drive the hydraulic pump. It should be noted at
this point that the hydraulic pump, or the energy trans-
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former means, can simultaneously function as the damp-
ing element.

[0023] Preferably, the hydraulic pump is based on the
swash plate principle. The damping force that these
pumps exert to the mechanical drive can be adjusted. A
one-way clutch can be incorporated in between the hy-
draulic pump and the winch such that the pump is only
drivenin one rotational direction only, e.g. during unwind-
ing.

[0024] Instead of movement translation, linear move-
ment of the cable can be used directly. For instance, a
hydraulic piston pump could be connected to the cable,
preferably using a pulley system.

[0025] To improve the adjustability of the damping
force, a plurality of piston pumps having different diam-
eters can be connected to the cable. Preferably, the pis-
ton pumps can be activated individually to allow for ad-
justment of the damping level.

[0026] Preferably, the generated hydraulic energy is
related to a pressure difference between a high pressure
reservoir and low pressure reservoir. This energy can be
generated by the aforementioned pistons or pump. The
energy stored in the reservoirs, and in particular in the
high pressure reservoir, can be used to drive a hydraulic
motor that in turn drives an electrical generator.

[0027] To optimize the damping force with respect to
the wave behavior, the WEC can comprise a pressure
sensor for measuring the wave height with respect to the
stabilization body. This sensor can be attached to the
buoy or to the stabilization body. If it is connected to the
stabilization body, the measured pressure can directly
be related to the amount of water above the stabilization
body. If the sensor is connected to the buoy the height
measurement takes into account the position of the buoy
relative to the stabilization body, e.g. by means of the
unwound cable length.

[0028] In addition to wave height measuring means,
the WEC preferably comprises means to determine a
prediction for short term wave behavior and controlling
means to control the damping force according to this pre-
diction. An example of a prediction involves an extrapo-
lation of the short term wave behavior based on aspectral
analysis on previous measurements. This approach is
based on the principle that a wave pattern measured for
a certain time length can be extrapolated. By controlling
the damping force based on this prediction and preferably
simultaneously updating the prediction, the efficiency of
the WEC can be significantly improved.

[0029] It should be noted that the energy generating
means preferably are integrated in the buoy. The same
may apply for all relevant mechanical parts connected
thereto. This provides an apparatus which can easily be
replaced. The disadvantage of having critical compo-
nents comprised in the stabilization body is related to the
difficulties that may arise when replacing these compo-
nents. By having all the critical components inside the
buoy, this disadvantage is alleviated.

[0030] Further details and advantages of the present
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invention will be described in detail under reference to
the accompanying drawings in which:

Figures 1A, 1B and 1C demonstrate several arrange-
ments for the buoy and the stabilization body.
Figures 2A, 2B and 2C show the situation in which
the WEC is under damped, over damped and opti-
mally damped, respectively;

Figure 3 shows a schematic diagram of an embod-
iment of a WEC based on movement translation from
linear to rotational;

Figure 4 shows a schematic diagram of an alterna-
tive embodiment of a WEC without movement trans-
lation.

Figure 1A shows a fixed arrangement 1 for the sta-
bilization body 2. The body 2 is anchored to the sea-
bed 3. A buoy 4 is partially submerged in water 5
and is connected to the stabilization body 2 by means
of cables 6.

[0031] In figure 1B, a different arrangement is shown
in which both buoy 4 and stabilization body 2 are in the
water 5. Mooring lines 7 are used to connect the stabili-
zation body 2 to the seabed 3. Alternatively, as shown in
figure 1C, the stabilization body 2 can be directly con-
nected to the seabed.

[0032] In principle, the operation of the abovemen-
tioned embodiments is similar. However, assuming that
energy is delivered to the WEC during a positive displace-
ment of the cable only, e.g. an increase in cable length
in between the buoy and stabilization body, the motion
of the buoy in which energy is extracted out of the wave
motion is opposite for the embodiments of figure 1A and
figures 1B and 1C, respectively.

[0033] Figures2A, 2B and2C demonstrate howto gen-
erate useful energy from a floating object, such as a buoy.
Eachfigure represents an ocean wave with a wave height
of 3 meters and a wave period of 10 seconds, which
corresponds to normal sea conditions. In each figure, the
motion of a buoy 4 is drawn, relative to the water surface.
For sake of clarity only the vertical component is drawn.
In addition, only a single cable is shown. It is assumed
that the buoys are attached to the stabilization body 2
with a cable 6 and that the damping which is applied by
the damping element to cable 6 can be varied.

[0034] In figure 2A, the motion of the buoy 4 is un-
damped. The buoy 4 will follow the contour of the wave
and will rise three meters, but since there is no damping
force, the position of buoy 4 relative to the water surface
remains unchanged and no work is done, disregarding
friction losses etc.

[0035] In figure 2B, the motion of the buoy 4 is over
damped. The buoy 4 becomes submerged and the damp-
ing element exerts a damping force on said cable 6 that
is mainly equal to the net submerged buoyancy of the
buoy 4.

[0036] In this example, the buoy 4 may rise slightly,
but because the total distance is marginal, the amount
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of work done will be lower than optimal.

[0037] Infigure 2C, the applied damping is optimal. As
in figure 2B, the buoy becomes submerged by applying
a damping force to the cable. However, in this case the
damping force is such that the force exerted by the waves
is sufficient to overcome the damping force and such that
the buoy 4 is still able to follow the water surface. Because
the damping force is now being overcome over the full
wave height, the amount of work is maximized.

[0038] Assuming a net submerged buoyancy of
10,000N, the amount of work for the situation in figure
2C would equal 10,000 x 3 = 30,000Nm, yielding a the-
oretical available power of 30,000Nm / 10s = 3,000W.
[0039] Assuming a buoy 4 in the shape of a flat cylin-
der, with a diameter of 10m and a height of 2m, the net
submerged buoyancy would be about 150 ton. The avail-
able power of a WEC comprising such a buoy 4 would
become 450KW, which is a very large potential for such
a relatively small device.

[0040] Itis noted, that these calculations are simplified.
Water resistance, buoy dynamic behavior and buoy ge-
ometry are not taken into account. Their main purpose
is to indicate the basic concept.

[0041] Figure 3 shows a schematic diagram of an em-
bodiment of a WEC according to the present invention.
[0042] Infigure 3, abuoy 4 is attached to a stabilization
body 2 by cable 6. The stabilization body 2 is fixedly con-
nected to the seabed 3 or it can be floating in the water,
kept in place by means of mooring lines.

[0043] Both ends of cable 6 are attached to the buoy
4, one end fixed against the surface of buoy 4, while the
other end is fixed to a cable winch 8. Cable winch 8 is
rigidly mounted in a fixed position inside the buoy 4. In
this diagram, cable 6 is mounted over three pulleys 9.
Two pulleys are attached to the stabilization body 2 and
one pulley is attached to the surface of the buoy 4. The
pulleys can rotate freely with minimal resistance.
[0044] This cable-pulley arrangement has several pur-
poses. Firstly, any motion of the buoy 4 relative to the
stabilization body 4 is amplified at one end of the cable
6, in this diagram by a factor of four. Cable winch 8 will
therefore rotate over an angle four times greater than
without the cable-pulley arrangement. Secondly, the
buoyancy force due to motion of the buoy relative to the
water surface is distributed over four lengths of cable.
Therefore, the required strength of the cable can be re-
duced by a factor of four. Thirdly, both ends of the cable
6 are attached to the buoy 4, which makes replacement
in case of wear or damage easier.

[0045] The cable winch 8 stores an amount of cable 6
that will cover most practical movements of the buoy 4
under most sea conditions. This can easily be accom-
plished by simply making the cable winch 8 large enough
and by making sure that the cable 6 is long enough for
most practical conditions.

[0046] One end of the shaft of the cable winch 8 is
connected to a variable hydraulic pump 10. The mechan-
ical connection includes a one-way clutch device 11 and
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a drive system 12. The one-way clutch 11 allows rotation
of the pump 10 only during the condition that the cable
6 is unwinding from the cable winch 8. The one-way
clutch 11 can for instance be a sprag clutch. The drive
system 12 may include gears, belts or chains, but could
also be just a simple coupling.

[0047] The other end of the shaft of the cable winch 8
is connected to the hydraulic torque motor 13. This can
be a rigid mechanical connection only, that allows the
torque motor 13 to rotate in both directions. The torque
motor 13 is for instance a geroler motor-pump, which can
operate as a motor and as a pump, depending on the
direction of rotation.

[0048] The function of the torque motor 13 is to rewind
the cable 6 onto the cable winch 8 whenever the torque
which it develops exceeds the torque that is developed
by the cable 6 pulling on the cable winch 8.

[0049] If the torque that is developed by the cable 6
pulling on the cable winch 8 becomes larger than the
torque that the motor 13 develops, the torque motor 13
starts to rotate in reverse direction, thereby acting as a
pump. The hydraulic energy in this condition is stored in
the auxiliary hydraulic accumulator 14, so that the gen-
erated energy is not lost.

[0050] However, due toinevitable losses, the pressure
in auxiliary accumulator 14 will eventually drop below a
certain threshold value and a regulator valve 15 will allow
hydraulic fluid, coming from a high pressure accumulator
16 to enter into the auxiliary hydraulic accumulator 14.
[0051] The variable hydraulic pump 10 suction inlet is
connected to a low pressure reservoir 17. The pump 10
discharge outlet is connected to the high pressure accu-
mulator 16. The one-way valve 18 avoids that the pump
10 runs backwards when the pump 10 is stationary.
[0052] Pump 10 can be forinstance of the axial multiple
piston type with a variable swash plate. The pressure
inside the low pressure reservoir 17 must be kept above
a certain threshold value in order to avoid that the pump
10 cavitates under full load.

[0053] Theinletofa variable hydraulic motor 19is con-
nected to the high pressure accumulator 16 through an
open/close valve 20. The outlet of motor 19 is connected
to the low pressure reservoir 17. The motor 19 drives a
generator 21. The motor 19 can for instance be of the
axial multiple piston type with a variable swash plate.
[0054] The capacity of the high pressure accumulator
16 is preferably large enough to enable the motor 19 to
run the generator 21 at a constant speed, synchronized
with the network. The generated power depends on the
availability of hydraulic energy stored in the high pressure
accumulator 16, which is constantly consumed by the
motor 19 and intermittently supplied by the pump 10, de-
pending on sea conditions.

[0055] A programmable control unit 22 receives infor-
mation about the position of the buoy 4 relative to the
water surface from a depth sensor 23. In addition, infor-
mation about pressure and level in the hydraulic accu-
mulators 14, 16 and 17 is received by the control unit 22.
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The control unit 22 is capable of opening and closing
valve 20, adjusting the capacity levers of motor 19 and
pump 10. The control unit 22 can also adjust the minimum
cable tension by increasing or decreasing the pressure
in the auxiliary accumulator 14, by operating the regulator
valve 15. Dotted lines are used to indicate the commu-
nication lines from and to control unit 22.

[0056] Itis assumed that the same situation is present
as presented in figure 2C, starting at time 0 sec. The
wave action represented in figure 2C is continued both
in the past and the future.

[0057] At t=0, the buoy 4 is in a low position with the
cable 6 tensioned by the torque motor 13. For a brief
moment the torque motor 13 is stationary but applies
torque that will pull the buoy 4 slightly below its free float-
ing position. If the water level relative to the buoy starts
to rise, the tension in the cable 6 increases.

[0058] When, due to increased cable tension, the
torque at the cable winch 8 exceeds the torque applied
by the torque motor 13, the one-way clutch 11 will be-
come engaged. Consequently, torque will be applied to
pump 10 through the drive system 12.

[0059] It is noted, that drive system 12 may increase
the speed of pump 10, but for now it is assumed that it
is a simple mechanical coupling.

[0060] Since the control unit 22 is programmed with a
"smart" control algorithm, the capacity lever of pump 10
is set at a position that anticipates coming waves. This
means that the pump 10 will only start to rotate when the
torque exceeds a minimum value that depends on the
actual position of the capacity lever and the pressure
difference between suction and discharge. During a short
period, the pump 10 will not rotate and therefore the cable
6 will not unwind and the buoy 4 will become increasingly
lowered relative to the water surface. When the applied
torque exceeds the minimum value, the pump 10 starts
to rotate and starts to store hydraulic energy into the high
pressure accumulator 16.

[0061] From the moment that pump 10 starts, the con-
trol unit 22 operates the capacity lever of the pump 10 in
order to apply optimal damping, according to figure 2C.
In this way, the maximum amount of hydraulic energy
will be stored into the high pressure accumulator 16. The
control unit 22 can do so because it receives constant
information about the position of the buoy 4 relative to
the water surface from the pressure sensor 23.

[0062] By using spectral analysis on previous meas-
urements of the wave height, or the distance between
the buoy 4 and the stabilization body 2, a prediction can
be made for the near future. Spectral analyses for this
purpose are well known to those in the art and comprise
Fast Fourier Transform (FFT) techniques. The prediction
for the wave behavior can then be used to adjust the
damping accordingly. Preferably, the prediction is updat-
ed continuously.

[0063] Afterabout5seconds, the buoy 4 starts to break
the surface of the water and cable tension will drop quick-
ly, which makes the pump 10 to stop rotating.
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[0064] During the time that the pump 10 rotates, the
torque motor 13 is running in reverse direction causing
it to operate as a pump. In this condition, the torque motor
13 will store hydraulic energy into the auxiliary accumu-
lator 14.

[0065] At about 6 seconds, the buoy 4 will arrive to a
maximum position relative to the water surface. The
torque at the cable winch 8 due to cable tension, will drop
below the torque applied by the torque motor 13 causing
the one-way clutch 11 to disengage. The cable 6 will re-
wind and is kept under constant tension. While the cable
rewinds, pump 10 will be stationary due to the one-way
valve 18 closing.

[0066] At about 10 seconds, the cycle repeats itself.
Most of the hydraulic energy thatis required for the torque
motor 13 to rewind the cable and to keep it tensioned,
comes from the accumulated energy from the torque mo-
tor itself. Due to inevitable losses, regulator valve 15 will
supply a small amount of hydraulic energy coming from
the high pressure accumulator 16 into the auxiliary ac-
cumulator 14.

[0067] Duringthe 10 seconds cycle, in which wave en-
ergy is converted into hydraulic energy, the generator 21
is running, driven by the hydraulic motor 19. Valve 20 is
then in the open position thereof.

[0068] The capacity lever for the motor 19 is operated
by the control unit 22. The control target is to keep the
hydraulic energy, which is stored into the high pressure
accumulator 16, at a required level.

[0069] If, due to increased wave action, the amount of
hydraulic energy that is stored increases, the capacity of
the motor 19 can increase and vice versa.

[0070] In the condition of very low available wave en-
ergy (calm seas), the control unit 22 can shut down the
generator 21 by closing valve 20 and the system will wait
for better conditions. In the condition of very high avail-
able wave energy, exceeding the capacity of the system,
the control unit 22 can reduce the capacity of pump 10
(reducing damping). In this case, the control strategy is
to keep the generator 21 and motor 19 running at maxi-
mum power, while the capacity of pump 10 is adjusted
to keep the high pressure accumulator 16 at the required
level.

[0071] During severe weather conditions, the surviva-
bility of the system can be guaranteed by the control unit’s
ability to apply overdamping while still allowing the bouy
to make large movements. In this way the systems mo-
tions will not exceed mechanical limits, while inertia forc-
es coming from large waves become distributed.
[0072] Figure 4 presents a schematic diagram of an
alternative embodiment of a WEC according to the
present invention. The generator part of the WEC is sim-
ilar to figure 3 and is therefore not shown in this figure.
In this embodiment the linear motion of the cable 6 is not
converted into a rotational movement. Instead the cable
6 is connected to a hydraulic piston pump, or to a series
of piston pumps (two pumps 25, 26 are shown infigure 4).
[0073] The two piston pumps 25, 26 in figure 4 have
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different diameters, piston pump 25 being the larger of
the two. Both pumps 25, 26 are connected to a low pres-
sure reservoir 17 and high pressure accumulator 16. A
cable-pulley system provides a mechanical advantage
such that the increase in distance between the buoy 4
and the stabilization body 2 results in a smaller displace-
ment of the arm of piston pump 25, 26, if activated. On
both sides of the cable-pulley system, which comprises
pulleys 27 connected to the pistons and pulleys 28 con-
nected to the surface of the buoy, the cable is mounted
on cable winches 8. These cable winches 8 can wind and
unwind the cable 6.

[0074] Two control valves 29, 30 are provided to ena-
ble/disable fluid transport to the high pressure accumu-
lator for pumps 25, 26, respectively. In addition, for each
piston pump, check valves 31 are arranged enabling hy-
draulic fluid transport from the low pressure reservoir to
the piston pumps and from the piston pumps to the high
pressure accumulator.

[0075] During operation, damping can be adjusted by
controlling valves 29 and 30. Closing of both valves will
provide the maximum amount of damping and will es-
sentially lock the cable, thereby not producing useful
power. It should be noted that, unlike in the embodiment
shown in figure 3, the length of cable is normally not var-
ied during steady sea conditions. The difference in cable
length in between the buoy 4 and the stabilization body
2 is completely absorbed by the arms of the piston pumps
25, 26. This further illustrates the added value of the ca-
ble-pulley system, as without such a system, the dynamic
range in wave height would be severely limited. The
length of the cable can be adjusted to accommodate for
tidal differences to ensure the optimal cable length for a
given wave height pattern.

[0076] If one of the valves 29, 30 is closed, the corre-
sponding pulley 27 will not move downwards unlike the
pulley corresponding to the other piston pump. The
damping force is then solely determined by that single
piston pump. The pump 25 corresponding to the larger
diameter will exert a larger damping force than the pump
26 with the smaller diameter.

[0077] By using multiple piston pumps 25, 26 with dif-
ferent diameters, damping can be adjusted to the wave
behavior by the control unit 22 (not shown), similar to the
embodiment shown in figure 3. However, unlike the em-
bodiment in figure 3, the damping force can only follow
discrete steps. The advantage of this embodiment is that
costs can be reduced because relatively low cost com-
ponents can be used.

[0078] Preferably, multiple of such piston arrange-
ments are distributed over the buoy. By controlling the
damping force exerted by each individual piston, the
combined damping force of the buoy as a whole can be
optimized.

[0079] It should be obvious to those skilled in the art,
that various modifications, adjustments or changes to the
embodiments of the invention can be implemented with-
out deviation from the scope of the invention that is de-
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fined by the accompanying claims.

Claims

1.

Wave energy converter (WEC) comprising:

- a buoy;

- a stabilization body for providing a stabilized
anchoring platform for said buoy;

- a cable connecting said buoy to said stabiliza-
tion body, said cable connected to a cable winch
to allow for a varying length of cable in between
said buoy and said stabilization body;

- energy generating means to generate energy
comprising a damping element to exert a damp-
ing force on said cable;

wherein said energy generation is based on work
done to overcome said damping force.

WEC according to claim 1, having a first mode of
operation, corresponding to an increasing wave
height, and a second mode of operation, correspond-
ing to adecreasing wave height, wherein said energy
generating means generate a significant amount of
energy in but one of said first and second modes of
operation, and wherein said energy generating
means are disengaged from said cable in the other
of said first and second modes of operation.

WEC according to any of the claims 1-2, wherein
said stabilization body is submerged in water below
said buoy.

WEC according to any of the claims 1-3, wherein
said buoy comprises at least three cables, arranged
such that any movement of said buoy relative to said
stabilization body results in a varying length of at
least one of said at least three cables.

WEC according to any of the claims 1-4, comprising
a pulley system for said cable, said pulley system
connected to said damping element to provide a me-
chanical advantage larger than one.

WEC according to any of the claims 1-5, wherein
said damping force is adjustable.

WEC according to any of the claims 1-6, wherein
said energy generating means comprise:

- an energy transformer to transform mechanical
energy delivered to said damping element into
hydraulic energy;

- a hydraulic motor connected to an electrical
generator, said motor-generator assembly ar-
ranged to convert hydraulic energy into electri-
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WEC according to claim 7, wherein said energy
transformer comprises movement translator means
to translate linear movement of said cable into rota-
tional movement.

WEC according to claim 8, wherein said energy
transformer comprises a hydraulic pump having its
rotational shaft connected to said winch.

WEC according to claim 7, wherein said energy
transformer comprises a hydraulic piston pump con-
nected to a said cable.

WEC according to claim 10, comprising a plurality
of hydraulic pistons pumps having different diame-
ters connected to said cable.

WEC according to claim 11, wherein said hydraulic
piston pumps can be individually activated.

WEC according to any of the claims 1-12, wherein
said hydraulic energy is related to a pressure differ-
ence between a high pressure accumulator and low
pressure reservoir.

WEC according to any of the claims 1-13, compris-
ing:

- comprising a pressure sensor for measuring
wave height;

- processing means to determine a prediction
for short term wave behavior;

- controlling means to control said damping force
according to said prediction.

WEC according to any of the claims 1-14, wherein
said prediction is an extrapolation of said short term
wave behavior based on a spectral analysis on pre-
vious measurements.
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